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1
POWER FEEDING DEVICE, POWER
RECEIVING DEVICE, AND WIRELESS
POWER FEED SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

One embodiment of the disclosed invention herein relates
to power feeding devices, power receiving devices, and wire-
less power feed systems.

2. Description of the Related Art

Various electronic devices have spread, and a variety of
products are in the marketplace. In recent years, mobile elec-
tronic devices such as mobile phones and digital video cam-
eras are used very commonly. Further, electric propulsion
vehicles; such as electric vehicles, which are supplied with
power based on electricity, are showing up in the market.

In such mobile phones, digital video cameras or electric
propulsion vehicles, batteries serving as power storage units
(referred to as storage batteries) are incorporated. Currently,
such a battery is usually charged with use of a household AC
power source that is one of power feeding units, and by being,
directly contacted with the AC power. In a structure which has
no battery or which does not use electricity charged in a
battery, a device is operated by power directly fed from a
household AC power source via a wire or the like.

On the other hand, researches and developments have been
made on a system in which charging on a battery or power
feeding on a load is conducted wirelessly, typical examples
are an electromagnetic coupling method (also referred to as
an electromagnetic induction method, see Reference 1), a
radio wave method (also referred to as a microwave method),
a resonance method (also referred to as a resonant method,
see References 2 to 4).

As described in References 2 to 4, in a wireless power feed
technique using a resonance method, a device that receives
power (hereinafter, referred to as a power receiving device)
and a device that feeds power (hereinafter, referred to as a
power feeding device) each have a resonant coil. Further, in
each of the power receiving device and the power feeding
device, an electromagnetic coupling coil is provided. Feeding
power from a power source in the power feeding device to the
resonant coil and feeding power from the resonant coil in the
power receiving device to a load are conducted by the elec-
tromagnetic coupling coils.

The resonant coil of the power feeding device and the
resonant coil of the power receiving device are adjusted to
resonate (LC resonance) at the same frequency.

‘When the resonant coil of the power feeding device and the
resonant coil of the power receiving device fade each other,
they makes a resonant phenomenon, and thereby efficient
power transter is realized even when the distance between the
resonant coils are large (see Reference 5).

REFERENCES

[Reference 1] Japanese Published Patent Application No.
2002-1.01578

[Reference 2] Japanese Published Patent Application No.
2010-1.93598

[Reference 3] Japanese Published Patent Application No.
2010-239690

[Reference 4] Japanese Published Patent Application No.
2010-252468

10

15

20

25

30

35

40

45

50

55

60

65

2
[Reference 5]
“Wireless power feeding 2010, all about contactless charging
and wireless energy transfer” Nikkei Electronics, March
2010, pp. 66-81.

SUMMARY OF THE INVENTION

However, with a wireless power feed system technique
using a resonance method, the efficiency of power transfer is
lowered when the resonant coil of the power feeding device
and the resonant coil of the power receiving device are not in
appropriate positions.

In other words, when the resonant coil of the power feeding
device and the resonant coil of the power receiving device are
too distant from each other, the efficiency of power transfer is
lowered. In addition, also when the resonant coil of the power
feeding device and the resonant coil of the power receiving
device are too close, the efficiency of power transfer is low-
ered.

FIG. 3A is a perspective view of wireless power feed sys-
tem using a resonant method and FIG. 3B is a graph showing
a relation between a transfer efficiency of electric power and
the distance between a resonant coil of a power feeding device
and a resonant coil of a power receiving device.

The wireless power feed system using a resonance method
illustrated in FIG. 3A includes a power feeding device 1100
and a power receiving device 1110. The power feeding device
1100 includes an AC power source 1101, an electromagnetic
coupling coil 1103, and a resonant coil 1104. In addition, the
power receiving device 1110 includes a load 1111, an elec-
tromagnetic coupling coil 1112, and a resonant coil 1113. In
FIG. 3A and FIG. 3B, the distance D between the resonant
coil 1104 of the power feeding device 1100 and the resonant
coil 1113 of the power receiving device 1110 is regarded as
the distance between the power feeding device 1100 and the
power receiving device 1110.

Feeding power from the AC power source 1101 of the
power feeding device 1100 to the resonant coil 1104 is con-
ducted by an electromagnetic coupling method via the elec-
tromagnetic coupling coil 1103. Feeding power from the
power feeding device 1100 to the power receiving device
1110 is conducted by electromagnetic resonance of the reso-
nant coil 1104 and the resonant coil 1113. Further, feeding
power from the resonant coil 1113 to the load 1111 is con-
ducted by an electromagnetic coupling method via the elec-
tromagnetic coupling coil 1112.

As shown in FIG. 3B, in the wireless power feed system
using a resonance method, when the distance between the
resonant coil 1104 of the power feeding device 1100 and the
resonant coil 1113 of the power receiving device 1110 is an
optimum distance D1, the power transfer efficiency reaches
the maximum value. In other words, the power transfer effi-
ciency in the wireless power feed system using a resonance
method is lowered when the distance between the resonant
coil 1104 of the power feeding device 1100 and the resonant
coil 1113 of the power receiving device 1110 is smaller or
larger than the distance D1.

Inview of the description made above, it is an object of one
embodiment of the disclosed invention to provide a wireless
power feed system with high transfer efficiency of electric
power.

One embodiment of the disclosed invention provides a
wireless power feed system in which when the distance
between the power feeding device and the power receiving
device is large, power feeding using a resonance method is
conducted, and when the distance between the power feeding
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device and the power receiving device is small, power feeding
using an electromagnetic coupling method is conducted.

In the wireless power feed system in accordance with one
embodiment of the disclosed invention, in either one of the
power feeding device and the power receiving device, the
positions of the electromagnetic coupling coil and the reso-
nant coil are interchanged. In other words, an electromagnetic
coupling coil of the power feeding device or an electromag-
netic coupling coil of the power receiving device is provided
between the resonant coil of the power feeding device and the
resonant coil of the power receiving device. Specifically, a
wireless power feed system is manufactured, in which the
resonant coil of the power feeding device, the electromag-
netic coupling coil of the power feeding device, the resonant
coil of the power receiving device, and the electromagnetic
coupling coil of the power receiving device are arranged in
this order, or in which the electromagnetic coupling coil of the
power feeding device, the resonant coil of the power feeding
device, the electromagnetic coupling coil ofthe power receiv-
ing device, and the resonant coil of the power receiving device
are arranged in this order.

The positions of the electromagnetic coupling coil and the
resonant coil of the power feeding device are interchanged
here. In such a wireless power feed system, the resonant coil
of the power feeding device, the electromagnetic coupling
coil of the power feeding device, the resonant coil of the
power receiving device, and the electromagnetic coupling
coil of the power receiving device are arranged in this order.

In accordance with one embodiment of the disclosed
invention, in the resonant coil of the power feeding device, a
switch is provided at opposite ends of the resonant coil. When
the distance between the power feeding device and the power
receiving device is large or reaches the optimum, the switch
of'the resonant coil of the power feeding device is turned off.
In this manner, by the resonant coils of the power feeding
device and the power receiving device, power feeding using a
resonance method can be conducted.

In power feeding using a resonance method, when the
distance between the resonant coils of the power feeding
device and the power receiving device reaches the optimum
distance as described above, the power transfer efficiency
reaches the maximum value. However, when the resonant
coils are closer to each other than the optimum distance, the
power transfer efficiency is lowered.

When the distance between the power feeding device and
the power receiving device is too small, the switch of the
resonant coil of the power feeding device is turned on, which
leads to short circuiting of the resonant coil of the power
feeding device. Thus, the resonant coil of the power feeding
device can be regarded as an element that does not exist
electrically.

When the resonant coil of the power feeding device is short
circuited, electromagnetic resonance does not occur between
the resonant coil of the power feeding device and the resonant
coil of the power receiving device. By the interchange of the
positions of the resonant coil and the electromagnetic cou-
pling coil of the power feeding device as described above, the
electromagnetic coupling coil of the power feeding device
and the resonant coil of the power receiving device are adja-
cent. Between the electromagnetic coupling coil of the power
feeding device and the resonant coil of the power receiving
device that are adjacent to each other, power feeding using an
electromagnetic coupling method is conducted. Thus, even
when the distance between the power feeding device and the
power receiving device is small, power feeding can be con-
duced while high power transfer efficiency is kept.
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In addition, in a wireless power feed system in which the
electromagnetic coupling coil of the power feeding device,
the resonant coil of the power feeding device, the electromag-
netic coupling coil of the power receiving device, and the
resonant coil of the power receiving device are arranged in
this order, a switch is provided at the opposite ends of the
resonant coil of the power receiving device. When the dis-
tance between the power feeding device and the power receiv-
ing device is large or reaches the optimum distance, the
switch of the resonant coil of the power receiving device is
turned off, and power feeding using a resonance method is
conducted. On the other hand, when the distance between the
power feeding device and the power receiving device is small,
the switch of the resonant coil of the power receiving device
is turned off, and power feeding using an electromagnetic
coupling method is conducted. In this manner, power feeding
with the power transfer efficiency kept high can be conducted.

In the above-described manner, even when the distance
between the power feeding device and the power receiving
device is changed, a wireless power feed system with high
power transfer efficiency can be provided.

One embodiment of the disclosed invention relates to a
power feeding device including: an electromagnetic coupling
coil that is connected to an AC power source via a directional
coupler: a resonant coil that is electromagnetically coupled
with the electromagnetic coupling coil; a switch one terminal
of which is electrically connected to one terminal of the
resonant coil and the other terminal of which is electrically
connected to the other terminal of the resonant coil; a control
circuit to which a parameter of an amplitude of a reflective
wave detected by the directional coupler is input and which
conducts switching on/off of the switch based on the param-
eter; and an analog-digital converter provided between the
electromagnetic coupling coil and the control circuit.

Another embodiment of the disclosed invention relates to a
power receiving device including: a resonant coil; a switch
one terminal of which is electrically connected to one termi-
nal of the resonant coil and the other terminal of which is
electrically connected to the other terminal of the resonant
coil; an electromagnetic coupling coil that is electromagneti-
cally coupled with the resonant coil; a rectifier that is electri-
cally connected to the electromagnetic coupling coil; a load
opposite ends of which a DC voltage is applied to by transfer
of power rectified by the rectifier; an analog-digital converter
that detects the DC voltage and a direct current generated by
the DC voltage applied to the load; and a control circuit to
which parameters of magnitudes of the DC voltage and the
direct current detected by the analog-digital converter are
input and which conducts switching on/off of the switch
based on the parameters.

In either embodiment of the disclosed invention, the reso-
nant coil is connected to a capacitor.

In either embodiment of the disclosed invention, the
capacitor is a stray capacitance.

Another embodiment of the disclosed invention relates to a
wireless power feed system including a power feeding device
and a power receiving device. The power feeding device
includes a first electromagnetic coupling coil that is con-
nected to an AC power source via a directional coupler; a first
resonant coil that is electromagnetically coupled with the first
electromagnetic coupling coil; a switch one terminal of which
is electrically connected to the first resonant coil and the other
terminal of which is electrically connected to the other termi-
nal of the first resonant coil; a control circuit to which a
parameter of an amplitude of a reflective wave detected by the
directional coupler is input and which conducts switching
on/off of the switch based on the parameter; and an analog-
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digital converter provided between the first electromagnetic
coupling coil and the control circuit; and the power receiving
device includes a second resonant coil that electromagneti-
cally resonates with the first resonant coil; and a second
electromagnetic coupling coil that is electromagnetically
coupled with the second resonant coil, wherein the first elec-
tromagnetic coupling coil is provided between the first reso-
nant coil and the second resonant coil.

Another embodiment of the disclosed invention relates to a
wireless power feed system includes a power feeding device;
and a power receiving device. The power feeding device
includes a first electromagnetic coupling coil that is con-
nected to an AC power source; and a first resonant coil that is
electromagnetically coupled with the first electromagnetic
coupling coil; and the power receiving device includes a
second resonant coil that electromagnetically resonates with
the first resonant coil; a switch one terminal of which is
electrically connected to one terminal of the second resonant
coil and the other terminal of which is electrically connected
to the other terminal of second resonant coil; a second elec-
tromagnetic coupling coil that is electromagnetically coupled
with the second resonant coil; a rectifier that is electrically
connected to the second electromagnetic coupling coil; a load
opposite ends of which a DC voltage is applied to by transfer
of power rectified by the rectifier; an analog-digital converter
that detects the DC voltage and a direct current generated by
the DC voltage applied to the load; a control circuit to which
parameters of magnitudes of the DC voltage and the direct
current detected by the analog-digital converter are input and
which conducts switching on/off of the switch based on the
parameters, wherein the second electromagnetic coupling
coil is provided between the first resonant coil and the second
resonant coil.

In either embodiment of the disclosed invention, the first
resonant coil and the second resonant coil electromagneti-
cally resonate with each other by turning off the switch, and
the second electromagnetic coupling coil and the first reso-
nant coil are electromagnetically coupled by turning on the
switch.

In either embodiment of the disclosed invention, each of
the first resonant coil and the second resonant coil is con-
nected to a capacitor.

In either embodiment of the disclosed invention, the
capacitor is a stray capacitance.

In either embodiment of the disclosed invention, an analog-
digital converter is provided between the directional coupler
and the control circuit.

In either embodiment of the disclosed invention, a capaci-
tor is connected to each of the first resonant coil and the
second resonant coil.

In either embodiment of the disclosed invention, the
capacitor is a stray capacitance.

Note that the ordinal numbers such as “first”, “second”,
and “third” in this specification are used for convenience and
do not denote the order of steps and the stacking order of
layers. In addition, the ordinal numbers in this specification
do not denote particular names which specify the present
invention.

In accordance with one embodiment of the disclosed
invention, a wireless power feed system with high power
transfer efficiency can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:
FIGS. 1A and 1B are a circuit diagram and a perspective
view of a wireless power feed system;
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FIG. 2 is a flow chart describing processing of a wireless
power feed system;

FIG. 3A is a perspective view of a wireless power feed
system and FIG. 3B is a graph showing the relation between
the distance between resonant coils and a power transfer
efficiency;

FIG. 4 is a graph showing the relation between a power
transfer efficiency and the distance between a power feeding
device and a power receiving device;

FIGS. 5A and 5B illustrate examples of electronic devices
each having a wireless power feed system; and

FIGS. 6A and 6B are a circuit diagram and a perspective
view of a wireless power feed system.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the invention disclosed in this specifica-
tion will be hereinafter described with reference to the accom-
panying drawings. Note that the invention disclosed in this
specification can be carried out in a variety of different
modes, and it is easily understood by those skilled in the art
that the modes and details of the invention disclosed in this
specification can be changed in various ways without depart-
ing from the spirit and scope thereof. Therefore, the present
invention is not construed as being limited to description of
the embodiments. Note that, in the drawings, the same por-
tions or portions having similar functions are denoted by the
same reference numerals, and repeated description thereof
will not be made.

Embodiment 1

A wireless power feed system in this embodiment is illus-
trated in FIG. 1A and FIG. 1B. FIG. 1A is a circuit diagram of
the wireless power feed system, while FIG. 1B is a perspec-
tive view of a part of the wireless power feed system.

The wireless power feed system illustrated in FIG. 1A and
FIG. 1B includes a power feeding device 100 and a power
receiving device 110. In this embodiment, the distance
between the power feeding device 100 and the power receiv-
ing device 110 is set as a distance W.

The power feeding device 100 includes an AC power
source 101, a directional coupler 102, an electromagnetic
coupling coil 103, a resonant coil 104, a capacitor 105, a
switch 106, an analog-digital converter (A/D converter) 107,
and a control circuit 108. On the other hand, the power receiv-
ing device 110 includes a load 111, an electromagnetic cou-
pling coil 112, a resonant coil 113, and a capacitor 114.

The AC power source 101 is a power source that outputs a
high frequency power. One terminal of the AC power source
101 is electrically connected to a first terminal of the direc-
tional coupler 102. The other terminal of the AC power source
101 is electrically connected to one terminal of the electro-
magnetic coupling coil 103 and is grounded.

The first terminal of the directional coupler 102 is electri-
cally connected to one terminal of the AC power source 101.
A second terminal of the directional coupler 102 is connected
to one terminal of the A/D converter 107. A third terminal of
the directional coupler 102 is electrically connected to the
other terminal of the electromagnetic coupling coil 103.

The directional coupler 102 (also referred to as a coupler)
can take out a signal corresponding to power transferred in a
forward direction (a traveling wave), or power transferred in
the opposite direction (reflective wave), or the both thereof.

Here, the transfer efficiency of electric power has a close
relationship with the reflection coefficient that represents an
amplitude of reflection wave (reflected wave amplitude/inci-
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dent wave amplitude), and the higher the transmission effi-
ciency of a frequency of a power signal is, the smaller the
reflection coefficient thereof'is compared to a power signal of
another frequency, and the reflection coefficient of the power
signal of the resonant frequency, with which the transmission
efficiency reaches the maximum value, reaches the minimum
value compared to the power signals of other frequencies. The
directional coupler 102 detects the amplitude of reflected
wave, whereby the distance between the power feeding
device 100 and the power receiving device 110 (correspond-
ing to the distance D1 in FIG. 3B) can be detected such that
the transfer efficiency of electric power reaches the maximum
value.

One terminal of the electromagnetic coupling coil 103 is
electrically connected to the other terminal of the AC power
source 101 and is grounded. The other terminal of the elec-
tromagnetic coupling coil 103 is electrically connected to the
third terminal of the directional coupler 102.

One terminal of the resonant coil 104 is electrically con-
nected to one terminal of the capacitor 105 and one terminal
of the switch 106. The other terminal of resonant coil 104 is
electrically connected to the other terminal of the capacitor
105 and the other terminal of the switch 106.

Feeding power from the AC power source 101 to the reso-
nant coil 104 is conducted via the electromagnetic coupling
coil 103 by an electromagnetic coupling method.

In the wireless power feed system in this embodiment,
between the resonant coil 104 of the power feeding device
100 and the resonant coil 113 of the power receiving device
110, the electromagnetic coupling coil 103 of the power feed-
ing device 100 is provided. Note that in the wireless power
feed system in this embodiment, at least one electromagnetic
coupling coil should be provided between the resonant coil
104 of the power feeding device 100 and the resonant coil 113
of the power receiving device 110, and thus instead of the
electromagnetic coupling coil 103 of the power feeding
device 100, the electromagnetic coupling coil 112 of the
power receiving device 110 may be provided. Such a structure
will be described later with reference to FIG. 6 A and FIG. 6B.

The electromagnetic coupling coil 103 of the power feed-
ing device 100 and the electromagnetic coupling coil 112 of
the power receiving device 110 are each, for example, a coil
of about one turn, while the resonant coil 104 of the power
feeding device 100 and the resonant coil 113 of the power
receiving device 110 are each, for example, a coil of several
turns.

The resonant coil 104 of the power feeding device 100 and
the resonant coil 113 of the power receiving device 110 are
each open at the opposite ends. The resonant coil 104 and the
resonant coil 113 have capacitors due to stray capacitance
(corresponding to the capacitor 105 and the capacitor 114 in
FIG. 1A and FIG. 1B). Thus, the resonant coil 104 and the
resonant coil 113 are LC resonant circuits. Note that the
capacitor is not limited to such a stray capacitance method,
and the L.C resonant circuits may be realized in such a way
that the opposite ends of each coil are connected to a capaci-
tor.

In a power transfer technique using coils there is a param-
eter kxQ (k is a coupling coefficient and Q is a Q value of a
resonant coil) as a parameter that represents an index of high
power transfer efficiency. The coupling coefficient k is a
coupling coefficient that represents a degree of coupling of
the resonant coil on the power feeding side and the resonant
coil on the power receiving side. Further, the Q value is a
value showing sharpness in a resonance peak of a resonant
circuit. As the resonant coil 104 and the resonant coil 113,
resonant coils having extremely high Q values (for example,
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the Q is larger than 100 (kxQ is larger than 1)) are preferably
used, and thereby a resonant-type wireless power feed tech-
nique can realize a high power transfer efficiency.

As illustrated in FIG. 1B, the electromagnetic coupling coil
103 of the power feeding device 100 is positioned near the
power receiving device 110. In this manner, when the dis-
tance between the power feeding device 100 and the power
receiving device 110 is small, the electromagnetic coupling
c0il 103 of the power feeding device 100 and the resonant coil
113 of the power receiving device 110 can be directly elec-
tromagnetically coupled.

In this case, the resonant coil 104 of the power feeding
device 100 and the resonant coil 113 of the power receiving
device 110 are also closely coupled, and thus the transfer
efficiency of electric power is not increased.

Thus, the switch 106 provided for the resonant coil 104 of
the power feeding device 100 is turned on. Thereby, the
opposite ends of the resonant coil 104 are short circuited so
that the function of the resonant coil 104 is lost.

The switch 106 is provided at the opposite ends of the
resonant coil 104 of the power feeding device 100, and is
turned off when the distance between the power feeding
device 100 and the power receiving device 110 is large or
reaches the optimum distance, whereas the switch 106 is
turned on when the distance is small. Switching on/off of the
switch 106 is conducted based on the amplitude of the
reflected wave obtained by the directional coupler 102.

One terminal of the A/D converter 107 is electrically con-
nected to a second terminal of the directional coupler 102.
The other terminal of the A/D converter 107 is electrically
connected to the control circuit 108.

Via the A/D converter 107, data on the amplitude of the
reflected wave obtained by the directional coupler 102 is
input into the control circuit 108. Based on the input data, the
control circuit 108 conducts switching on/off of the switch
106. For example, the control circuit 108 detects the ampli-
tude of the reflected wave at on state or off state of the switch
106 every certain period (for example, every one minute), and
selects the state with a smaller amplitude of the reflected
wave. Note that in FIG. 1A and FIG. 1B, only the A/D con-
verter 107 is illustrated; however, an amplifier that amplifies
the output of the A/D converter 107 or a rectifier that realties
the output of the A/D converter 107 may be provided.

In the power receiving device 110, one terminal of the
electromagnetic coupling coil 112 is electrically connected to
one terminal of the load 111. The other terminal of the elec-
tromagnetic coupling coil 112 is electrically connected to the
other terminal of the load 111 and is grounded. Note that the
load 111 corresponds to another circuit, device, or the like
that is connected to the power receiving device 110. As the
load 111, for example, a power storage device such as a
secondary battery is given.

One terminal of the resonant coil 113 is electrically con-
nected to one terminal of the capacitor 114. The other termi-
nal of the resonant coil 113 is electrically connected to the
other terminal of the capacitor 114. As described above, the
capacitor 114 may be a stray capacitance formed by open
opposite ends of the resonant coil 113 or may be a capacitor
connected to the resonant coil 113.

Feeding power from the resonant coil 113 to the load 111 is
conducted via the electromagnetic coupling coil 112 by an
electromagnetic coupling method.

Hereinafter, an example of a flow chart of a specific pro-
cedure of the control circuit 108 is described with reference to
FIG. 2.
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As an initial state, the switch 106 provided at the opposite
ends ofthe resonant coil 104 of the power feeding device 100
has an off state (an open state).

When the AC power source 101 recognizes existence of the
power receiving device 110 with use of a recognition unit (not
illustrated) (S101), the AC power source 101 outputs a high
frequency power at a frequency 10 and starts power feeding
(S102).

Note that the recognition unit is provided for the power
feeding device 100 and the power receiving device 110, and is
awireless communication unit or the like for exchanging data
of the power feeding device 100 and the power receiving
device 110. A carrier frequency and an air interface used for
wireless communication of the wireless communication unit
are preferably provided separately from an interface (coil)
provided for power feeding; however, communication may be
conducted using an electromagnetic wave used for power
feeding as a carrier via an interface (coil) for power feeding.
With the use of the commutation unit, the power feeding
device 100 can confirm existence of the power receiving
device 110 or obtain a process of charging.

Just after the power feeding starts, the charge is continued
(8103). A case where the charge is not continued is a case
where power feeding is completed (described later). When
the power feeding starts, the directional coupler 102 set in the
power feeding device 100 detects the amplitude of the
reflected wave and a parameter that represents the amplitude
of the detected reflected wave is input into the control circuit
108 viathe A/D converter 107. The control circuit 108 memo-
rizes the input parameter (S104).

Next, based on the parameter, switching on/off of the
switch 106 is conducted (the switch is turned off when it is on,
or the switch is turned on when it is off) (S105).

In a case where the amplitude of the reflected wave is
smaller than that before switching (S106), the state after
switching is kept (S107). In addition, in a case where the
amplitude of the reflected wave is larger (S106), the state
returns to the state before switching (S109).

The state after switching is kept during a certain period or
is made to return to the state before switching and kept during
a certain period (for example, one minute) (S108). After that,
charging is continued until power feeding is completed
(8103), and this is repeated every certain period (every one
minute in the above-described case). When the power feeding
is completed, output of high frequency power from the AC
power source 101 is stopped (S111).

The relation between the transfer efficiency of electric
power and the distance W between the power feeding device
100 and the power receiving device 110 in the wireless power
feed system conducting the above-described process is shown
in FIG. 4.

In the case where the distance W between the power feed-
ing device 100 and the power receiving device 110 is large or
reaches the optimum distance (W is W1 or more), the power
transfer efficiency is higher at the off state of the switch (a
reflection component is small), and thus the resonant coil 104
is kept at an effective state. The resonant coil 104 at an
effective state means power feeding conducted by a reso-
nance method. In FIG. 4, the relation between the distance W
and the power transfer efficiency in power feeding using a
resonance method is shown by a curve 201.

On the other hand, when the distance W between the power
feeding device 100 and the power receiving device 110 is
small (W is less than W1), the power transfer efficiency is
higher at the on state of the switch, and thus the resonant coil
104 is kept at an ineffective state. The resonant coil 104 at an
ineffective state means power feeding conducted by an elec-
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tromagnetic coupling method. In FIG. 4, the relation between
the distance W and the power transfer efficiency in power
feeding using an electromagnetic coupling method is shown
by a curve 202.

In other words, in the wireless power feed system in this
embodiment, in accordance with the distance W between the
feeding device 100 and the power receiving device 110, a
resonance method and an electromagnetic coupling method
are switched, so that the power transfer efficiency can be kept
high.

In addition, in the wireless power feed system in this
embodiment, switching on/oft of the switch 106 is reviewed
and if necessary, conducted every certain period (for
example, every one minute). Therefore, at the time of charg-
ing, every time the position of the power receiving device 110
is changed and thus the distance W between the power feed-
ing device 100 and the power receiving device 110 is
changed, a state where the power transfer efficiency can reach
the optimum value is selected.

FIG. 1A and FIG. 1B illustrate the wireless power feed
system where the electromagnetic coupling coil 103 of the
power feeding device 100 is provided between the resonant
coil 104 of the power feeding device 100 and the resonant coil
113 of the power receiving device 110; however, one embodi-
ment of the disclosed invention is not limited to that. In
another embodiment of the disclosed invention, the electro-
magnetic coupling coil of the power receiving device may be
provided between the resonant coil of the power feeding
device and the resonant coil of the power receiving device. In
such a wireless power feed system, the resonant coil of the
power receiving device is provided with a switch.

FIG. 6A and FIG. 6B illustrate a wireless power feed
system where an electromagnetic coupling coil of a power
receiving device is provided between a resonant coil of a
power feeding device and a resonant coil of the power receiv-
ing device.

The wireless power feed system illustrated in FIG. 6A and
FIG. 6B includes a power feeding device 120 and a power
receiving device 130. The power feeding device 120 includes
the AC power source 101, the electromagnetic coupling coil
103, resonant coil 104, and the capacitor 105.

In addition, the power receiving device 130 includes the
load 111, the electromagnetic coupling coil 112, the resonant
coil 113, the capacitor 114, a rectifier 132, a switch 136, an
A/D converter 137, and a control circuit 138.

One terminal of the electromagnetic coupling coil 103 is
electrically connected to one terminal of the AC power source
101. The other terminal of the electromagnetic coupling coil
103 is electrically connected to the other terminal of the AC
power source 101 and is grounded.

One terminal of the resonant coil 104 is electrically con-
nected to one terminal of the capacitor 105. The other termi-
nal of the resonant coil 104 is electrically connected to the
other terminal of the capacitor 105.

A first terminal of the rectifier 132 is electrically connected
to one terminal of the load 111. A second terminal of the
rectifier 132 is electrically connected to a first terminal of the
A/D converter 137. A third terminal of the rectifier 132 is
electrically connected to one terminal of the electromagnetic
coupling coil 112. The rectifier 132 is an AC/DC converter
and has a function of rectifying received power. Power recti-
fied by the rectifier 132 is transferred to the load 111.

A first terminal of the A/D converter 137 is electrically
connected to the second terminal of the rectifier 132. A sec-
ond terminal of the A/D converter is electrically connected to
the other terminal of the electromagnetic coupling coil 112. A
third terminal ofthe A/D converter is electrically connected to
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the control circuit 138. The A/D converter 137 monitors a DC
voltage applied to the opposite ends of the load 111 and a
direct current generated by the DC voltage flowing through
the load 111. Parameters representing the magnitude of the
DC voltage and the magnitude of the direct current, which are
monitored by A/D converter 137, are input into the control
circuit 138. Based on the parameters, the on/off of the switch
provided for the resonant coil 113 is controlled.

One terminal of the electromagnetic coupling coil 112 is
electrically connected to the third terminal of the rectifier 132.
The other terminal of the electromagnetic coupling coil 112 is
electrically connected to the other terminal of the load 111
and is grounded.

One terminal of the resonant coil 113 is electrically con-
nected to one terminal of the capacitor 114 and one terminal
of the switch 136. The other terminal of the resonant coil 113
is electrically connected to the other terminal of the capacitor
114 and the other terminal of the switch 136.

As described above, in the wireless power feed system
illustrated in FIG. 6 A and FIG. 6B, received power is rectified
by the rectifier 132. The rectified power is transferred to the
load 111, and thereby a DC voltage is applied to the opposite
ends of the load 111. A parameter on the DC voltage applied
on the opposite ends of the load 111 and a parameter on a
direct current flowing through the load 111 are input into the
control circuit 138. Based on the input parameter, the control
circuit 138 conducts switching on/off of the switch 136.

In accordance with this embodiment described above, a
wireless power feed system with high transfer efficiency of
electric power can be provided.

Embodiment 2

in this embodiment, applications of the wireless power
feed system described in Embodiment 1 can be described.
Application examples of a wireless power feed system in
accordance with one embodiment of the disclosed invention
are mobile telephones, digital video cameras, computers, por-
table information terminals (such as mobile computers,
mobile telephones, portable game consoles, or electronic
books), image reproduction devices provided with a record-
ing medium (specifically, a digital versatile disc (DVD)), and
the like, which are portable electronic devices. Further, elec-
tric propulsion vehicles such as electric vehicles, which get
power based on electricity can be given. Below, some
examples will be described with reference to drawings.

FIG. 5A is an example in which a mobile phone and a
portable information terminal use a wireless power feed sys-
tem, and which includes a power feeding device 701, amobile
phone 702A including a power receiving device 703 A, and a
portable information terminal 702B including a power receiv-
ing device 703B. The wireless power feed system described
in Embodiment 1 can be applied between the power feeding
device 701 and the power receiving device 703 A and between
the power feeding device 701 and the power receiving device
703B.

In accordance with this embodiment, a mobile phone and a
portable information terminal each having a wireless power
feed system with high transfer efficiency of electric power can
be provided.

FIG. 5B is an example in which an electric vehicle that is
one of electric propulsion vehicles uses a wireless power feed
system, and which includes a power feeding device 711 and
an electric vehicle 712 including a power receiving device
713. The wireless power feed system described in Embodi-
ment 1 can be applied between the power feeding device 711
and the power receiving device 713.
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In accordance with this embodiment, an electric propul-
sion vehicle having a wireless power feed system with high
transfer efficiency of electric power can be provided.

The wireless power feed system described in Embodiment
1 can be provided for any object that can be driven by electric
power.

This embodiment can be implemented in appropriate com-
bination with any of the structures described in the other
embodiment.

This application is based on Japanese Patent Application
serial no. 2010-286139 filed with Japan Patent Office on Dec.
22,2010, the entire contents of which are hereby incorporated
by reference.

What is claimed is:

1. A power feeding device comprising:

an electromagnetic coupling coil configured to be con-
nected to an AC power source via a directional coupler,
wherein the directional coupler is configured to detectan
amplitude of a reflective wave;

a resonant coil, wherein the resonant coil can be electro-
magnetically coupled with the electromagnetic coupling
coil;

a switch, wherein one terminal of the switch is electrically
connected to one terminal of the resonant coil and the
other terminal of the switch is electrically connected to
the other terminal of the resonant coil;

a control circuit to which a parameter of the amplitude of a
reflective wave detected by the directional coupler is
input, wherein the control circuit is configured to con-
duct switching on/off of the switch based on the param-
eter; and

an analog-digital converter provided between the electro-
magnetic coupling coil and the control circuit,

wherein the resonant coil is short circuited by turning the
switch on,

wherein the power feeding device is configured to perform
power feeding using a resonant method with use of the
resonant coil in the case where the switch is turned off,
and

wherein the power feeding device is configured to perform
power feeding using an electromagnetic coupling
method with use of the electromagnetic coupling coil in
the case where the switch is turned on.

2. The power feeding device according to claim 1, wherein

the resonant coil is connected to a capacitor.

3. The power feeding device according to claim 2, wherein
the capacitor is a stray capacitance.

4. The power feeding device according to claim 1, wherein
the switch is turned on/off when the amplitude of the reflec-
tive wave becomes larger than the amplitude of the reflective
wave before previous switching.

5. A power receiving device comprising:

a resonant coil;

a switch, wherein one terminal of the switch is electrically
connected to one terminal of the resonant coil and the
other terminal of the switch is electrically connected to
the other terminal of the resonant coil;

an electromagnetic coupling coil, wherein the electromag-
netic coupling coil can be electromagnetically coupled
with the resonant coil;

a rectifier electrically connected to the electromagnetic
coupling coil;

aload, wherein a DC voltage is applied to opposite ends of
the load by transfer of power rectified by the rectifier;

an analog-digital converter configured to detect the DC
voltage and a direct current generated by the DC voltage
applied to the load; and
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a control circuit to which parameters of magnitudes of the
DC voltage and the direct current detected by the analog-
digital converter are input, wherein the control circuit is
configured to conduct switching on/off of the switch
based on the parameters,

wherein the resonant coil is short circuited by turning the
switch on,

wherein the power receiving device is configured to receive
power using a resonant method with use of the resonant
coil in the case where the switch is turned off, and

wherein the power receiving device is configured to receive
power by an electromagnetic coupling method using the
electromagnetic coupling coil in the case where the
switch is turned on.

6. The power receiving device according to claim 5,

wherein the resonant coil is connected to a capacitor.

7. The power receiving device according to claim 6,

wherein the capacitor is a stray capacitance.

8. A wireless power feed system comprising:

a power feeding device; and

a power receiving device;
the power feeding device comprising:

a first electromagnetic coupling coil configured to be
connected to an AC power source via a directional
coupler, wherein the directional coupler is configured
to detect an amplitude of a reflective wave;

a first resonant coil, wherein the first resonant coil can be
electromagnetically coupled with the first electro-
magnetic coupling coil;

a switch, wherein one terminal of the switch is electri-
cally connected to the first resonant coil and the other
terminal of the switch is electrically connected to the
other terminal of the first resonant coil;

a control circuit to which a parameter of an amplitude of
areflective wave detected by the directional coupleris
input, wherein the control circuit is configured to
conduct switching on/off of the switch based on the
parameter; and

an analog-digital converter provided between the first
electromagnetic coupling coil and the control circuit;
and

the power receiving device including:

a second resonant coil, wherein the second resonant coil
is configured to resonate with the first resonant coil
electromagnetically; and

asecond electromagnetic coupling coil, wherein the sec-
ond electromagnetic coupling coil can be electromag-
netically coupled with the second resonant coil,

wherein the first resonant coil is short circuited by turning
the switch on,

wherein power feeding using a resonant method with use of
the first resonant coil and the second resonant coil is
performed in the case where the switch is turned off,

wherein power feeding using an electromagnetic coupling
method with use of the first electromagnetic coupling
coil and the second resonant coil is performed in the case
where the switch is turned on, and

wherein the first electromagnetic coupling coil is provided
between the first resonant coil and the second resonant
coil during power feeding.

9. The wireless power feed system according to claim 8,

wherein the first resonant coil and the second resonant coil

electromagnetically resonate with each other during a

period in which the switch is turned off, and

wherein the first electromagnetic coupling coil and the
second resonant coil are electromagnetically coupled
during a period in which the switch is turned on.
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10. The wireless power feed system according to claim 8,
wherein each of the first resonant coil and the second resonant
coil is connected to a capacitor.

11. The wireless power feed system according to claim 10,
wherein the capacitor is a stray capacitance.

12. The power feeding device according to claim 8,
wherein the switch is turned on/off when the amplitude of the
reflective wave becomes larger than the amplitude of the
reflective wave before previous switching.

13. A wireless power feed system comprising:

a power feeding device; and

a power receiving device;

the power feeding device comprising:

a first electromagnetic coupling coil configured to be
connected to an AC power source; and

a first resonant coil, wherein the first resonant coil can be
electromagnetically coupled with the first electro-
magnetic coupling coil;

the power receiving device comprising:

a second resonant coil configured to resonate with the
first resonant coil electromagnetically;

a switch, wherein one terminal of the switch is electri-
cally connected to one terminal of the second resonant
coil and the other terminal of the switch is electrically
connected to the other terminal of the second resonant
coil;

asecond electromagnetic coupling coil, wherein the sec-
ond resonant electromagnetic coil can be electromag-
netically coupled with the second resonant coil;

a rectifier electrically connected to the second electro-
magnetic coupling coil;

aload, wherein a DC voltage is applied to opposite ends
of the load by transfer of power rectified by the recti-
fier;

an analog-digital converter configured to detect the DC
voltage and a direct current generated by the DC
voltage applied to the load;

a control circuit to which parameters of magnitudes of
the DC voltage and the direct current detected by the
analog-digital converter are input, wherein the control
circuit is configured to conduct switching on/off of
the switch based on the parameters,

wherein the second resonant coil is short circuited by turn-

ing the switch on,

wherein power feeding using a resonant method with use of

the first resonant coil and the second resonant coil is

performed in the case where the switch is turned off,

wherein power feeding using an electromagnetic coupling
method with use of the first resonant coil and the second
electromagnetic coupling coil is performed in the case
where the switch is turned on, and

wherein the second electromagnetic coupling coil is pro-

vided between the first resonant coil and the second

resonant coil during power feeding.

14. The wireless power feed system according to claim 13,

wherein the first resonant coil and the second resonant coil

electromagnetically resonate with each other during a

period in which the switch is turned off, and

wherein the second electromagnetic coupling coil and the

first resonant coil are electromagnetically coupled dur-

ing a period in which the switch is turned on.

15. The wireless power feed system according to claim 13,
wherein each of the first resonant coil and the second resonant
coil is connected to a capacitor.
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16. The wireless power feed system according to claim 15,
wherein the capacitor is a stray capacitance.
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